um,7 are of major importance for myocardial temperature elevation.
Differences in the relative contribution of these two heating mechanisms in myocardial tissue at various distances from the ablation electrode as explained above might lead to quantitative and qualitative difterences in the temperature response at different sites in the electrode-interface-myocardium trajectory: within the ablation electrode,8 at the electrode-tissue interface,4'5'9 and within myocardial tissue at various distances from the ablation electrode.7"10 It therefore is of interest to review the literature with regard to the temperature responses of these three elements during RF ablation.
Ablation Electrode Temperature
In an in vitro experiment, Blouin et a18 simultaneously measured the steady-state-temperature at the inside of the ablation electrode as well as at the electrode-tissue interface during RF ablation. Their study demonstrates a close to linear relation between both temperatures at various power levels under controlled electrode-tissue contact conditions with a consistently lower temperature within the ablation electrode. This linear relation between both temperatures can be expected from the basic principles of heat conduction from electrodetissue interface via ablation electrode to circulating blood. Temperature gradients along this route will be generally proportional to the amount of heat flow and thus to the total temperature difference between tissue and blood. With stable electrode tissue coupling, the temperature rise of the metal electrode itself can thus be expected to be a certain percentage of the total temperature rise at the electrode-tissue interface.
Electrode-tissue Interface Temperature Langberg et al and several other investigators studied the electrode-tissue interface temperature under in vitro and in vivo conditions.45 '9 Hindricks et a14 studied the predictability of lesion size from electrode-tissue interface temperature in vitro and in canines. With RF power ranging from 3 to 25 W, the temperature at the interface sharply increased within 2-5 seconds to a maximum ranging between 670 and 106°C.
Also, Haines et a19 measured the interface temperature in a canine model, again both in vitro and in vivo, demonstrating that coagulum formation occurs at interface temperatures around 100°C. Measurement of electrode and interface temperature can be used to avoid coagulum formation and, more important, to discrimi-
An important finding by Langberg et al is a large spread in interface temperature and the absence of a relation between temperature response and ST segment elevation before ablation at a nominal power setting,5 suggesting that electrode-tissue coupling is difficult to control, at least in the setting of catheter ablation of accessory atrioventricular pathways. They found a positive dose-response relation between applied power and interface temperature at each individual target site but no significant relation between power and achieved steady-state temperature when all applications at four power settings were compared. However, this conclusion may not be justified. The An obvious limitation of electrode-tissue interface temperature measurement as described by Langberg et a15 and others4'9 is the importance of tip orientation for the reliability of recorded temperature. In addressing this issue, Langberg et a15 discuss that it did not appear to be a major limitation in their study. However, in RF catheter ablation of ventricular tachyarrhythmias, the endocardial surface in border zones of infarcted areas may be rather smooth, and it may often be difficult and sometimes impossible to obtain a catheter orientation with the thermistor in contact with endocardium.
Both interface as well as the tip temperature obtained with a nominal power setting will depend on the quality of electrode-tissue contact and thus can serve to judge contact quality. Which one of both methods is clinically most useful will have to be evaluated in further studies. The most important property of ablation catheters remains their mechanical handling characteristics and, especially, steerability. As long as these characteristics remain undisturbed, tip and/or interface temperature is an additional advantage enabling better judgment about catheter position and power delivery and may thus help several investigators.2,4 However, major quantitative to improve ablation procedures.
